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HISTOLOGIC VARIATIONS IN THE STRUCTURE OF HUMAN
ECCRINE SWEAT GLANDS*
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INTRODUCTION
In recent years much attention has been focused on the human eccrine sweat
gland by both clinical and basic science investigators (1—14). The clinician is aware
of the role of the sweat gland in the production of both general and cutaneous
disease. The physiologist and the chemist have studied the normal and the al-
terations from the normal of the functions of the gland and of its secretions.
Pathologists have been concerned primarily with tumors of the sweat glands and
occasionally with alterations in structure as they pertain to clinical disease.
The present trend is to correlate the normal and the abnormal variations of the
physiology and chemistry of the sweat gland with its histochemistry and histo-
logic structure.
Our own work brought the realization that there was very little basic knowl-
edge available concerning the variations in the histologic structure of the human
eccrine sweat glands, excluding those variations seen in sweat gland tumors and
in sweat retention syndromes.
In order to obtain judgment and knowledge in this regard, the following study
was undertaken.
Histologic preparations of all the biopsies of human skin taken during the
years 1947 to 1950 by the Department of Dermatology were studied with hema-
toxylin phloxine stains.
The material comprised 4,327 sections cut from 912 skin biopsies. Included io
the material are 113 sections cut from 33 biopsies of normal skin
Of the total, 1,239 sections from 249 biopsies contained structural variations
in the eccrine sweat gland, which, on the basis of our present knowledge, were
considered as altered from the usual concepts of normal.
In this discussion, these structural variations will be grouped under those oc-
curring in the pore, the duct, and the gland (secretory portion). To avoid con-
fusion, the total structure will from this point on be referred to as the sweat unit.
In previous studies, sweat retention phenomenon and tumors of the sweat
unit have been completely described (1, 2, 3, 7); therefore, no attempts were
made in this report to include such data. The following data were accumulated:
(1) the single or multiple histologic variations in the sweat unit, (2) the region of
the skin that was biopsied, (3) the histopathologic findings and diagnoses, (4)
the clinical diagnoses, and (5) the age of the subject.
* From the Department of Pathology, Dartmouth Medical School and Hitchcock Clinic,
Hanover, New Hampshire and the Department of Dermatology and Syphilology, Dart
mouth Medical School and Hitchcock Clinic, Hanover, New Hampshire.
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PORE
The pore is described as that portion of the sweat unit which passes through
the epidermis (15, 16, 17). The diameter of the normal pore is 5 to 10 microns.
Pinkus (6) reports that the pore has its own lining cells as it penetrates the epi-
dermis. Others (15, 16) disagree with this. Our studies support the opinion of
Pinkus.
Table I tabulates, in order of frequency, the incidence of the histologic varia-
tions of the pore.
Hyperlceratotic plugs were the commonest deviation observed in the pore. They
were observed with equal frequency in inflammatory and non-inflammatory
dermatoses. There was no correlation of their occurrence with the age of the
TABLE I
Histologic varsations of pore listed in order of frequency observed in 912 biopsies
Variation
Hyperkeratotic plugs
Dilatation
cystic
non-cystic
Acanthosis
Parakeratotic plugs
Spongiosis
Material in lumen
amorphous
cast
Penetrating tumor
Penetrating inflammatory exudate
Penetrating edema
Separation from prickle cells
Penetrating abscess
Double in one rete
''Whirling''
subject. It was impossible to determine histologically which hyperkeratotic plugs
had produced poral closure and which had not.
Dilatation of the pore occurred almost as frequently as hyperkeratosis. The
dilatation varied in degree. In most instances, hut not all, obstruction could be
identified ahove the point of dilatation. It was impossible to predict the location
of the dilatation (upper, mid, or lower third of the pore) (fig. 1). Periporal in-
flammation might play a role in weakening the wall of the pore and thereby pre-
disposing it to dilatation at that point. Dilatation of the pore, however, was
found more frequently associated with non-inflammatory than inflammatory
dermntoses. There was no age correlation. The incidence of dilatation of the pore
was much lower than that of the duct.
Acanthosis, regardless of the underlying dermatosis, produced no influence on
ductal or glandular structure. The pore penetrated the entire length of the acan-
thotic rete and was altered in structure only in that its course became straight
and its spiraling less pronounced (fig. 2).
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FIG. 1. Dilatation limited to the middle third of the pore in a chronic, nonspecific
dermatitis. Mild hyperkeratosis in poral opening. (X 260)
FIG. 2. A pore in an acanthotic rete. Note absence of spirals, slight dilatation, and
a parakeratotic plug in the poral opening in psoriasis. X 120)
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Parakeratotic plugs occurred in the usual diseases producing parakeratosis.
These plugs in the poral openings were less apt to produce structural signs of
poral obstruction than did hyperkeratotic plugs. Figure 2 illustrates the maxi-
mum dilatation observed in association with parakeratosis.
The occurrence of spongiosis about the pore was interesting in that the lining
cells of the pore were not involved in the spoagiotic process and the pore itself
usually maintained its course and structure as it penetrated an area of spongiosis
(see "separation from prickle cells").
Fio. 3. Hyalin cast in mid-pore and associated with dilatation localized to the area of
the cast. Mild hyperkeratosis present in the poral opening. The cast exists in the periphery
of an area of acute folliculitis. (X 260)
Material in the lumen referred to all matter within the lumen of the pore other
than keratinized debris or hyperkeratotic and parakeratotic plugs. In each in-
stance, the occurrence was associated with poral obstruction above and with
some degree of poral dilatation. Intraluminal material was much less common
within the pore than within the duct. The material varied in nature. It was termed
"amorphous" if it had an indefinite outline and varied texture. The material
was termed a "cast" if it possessed a distinct structure with definite outline and
solid texture (fig. 3).
The pore often maintained its normal structure when surrounded by squamous
cell carcinoma or a basal cell epithelioma, inflammatory exudate, edema, or a
frank abscess. Such impenetrability to surrounding disease was striking (fig. 4).
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The pore was commonly separated from its adjacent prickle cells, as seen in
figure 4. This separation could have represented an artefact, or it could have been
a feature of the particular disease. In any event, it lends support to the conten-
tion of Pinkus (6) that the pore is a structure distinct from the prickle cells.
Several other interesting observations were noted in poral structure: (1) two
pores were observed entering one rete, transversing it in a parallel fashion; (2)
one isolated rete beneath an area of superficial basal cell epitheliona had a "whirl-
ing" of the pore in a circular fashion; (3) the sweat pore was seen to develop in
FIG. 4. A pore (lower third) and its terminal rete in an area of squamous cell carcinoma.
Note the separation of the rete from the cancer, and the separation of the pore from the
rete at one area. (X 260) (This may represent artef act; it demonstrates, however, the dis-
tinct structure of the three types of tissue, i.e., cancer, rate, and pore.)
the epithelial hyperplasia of seborrheic keratoses without any striking change
other than a straightening (decrease in the number of spirals), similar to that
seen in acanthosis; (4) there were no observations of an eccrine sweat pore shar-
ing a common opening with a hair follicle; and (5) there was no correlation of the
age of the patient or the location of the skin that was biopsied \vith any of the
structural variations observed in the pore.
DUCT
The duct refers to that part of the sweat unit that leads from the secretory
cells deep in the dermis to the epidermis. The lumen of the normal duct is be-
tween 10 and 20 microns in dinmeter. Lever (17) describes the duct as being com-
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posed of "two layers of small, cuboidal, deeply basophilic epithelial cells. No
peripheral basement membrane is present, but the lumen of the duct is lined with
a deeply eosinophilic, homogeneous membrane or cuticle." This "cuticle" merely
represents the luminal portions of the lining cells. The width of this "cuticle"
portion of the luminal cells varies in both normal and abnormal states. It can be
completely absent or it can be very prominent (fig. 5).
Regeneration of the duct occurred from division of basal cells. Only rarely
were mitotic figures (3 in 4,327 sections) seen.
FIG. 5. The border of luminal cells forming a cuticle of maximum thickness. (X 1000)
Table II shows, in order of frequency, the incidence of the histologic varia-
tions of the duct.
Dilatation was the most common histologic variation observed. The term
"cystic dilatation" was applied to dilatation associated with flattening of both
basal and luminal cells. Shelley (18) has observed that sweat retention vesicles
develop clinically in acute experiments and in miliaria rubra, but that histologic
preparations of these lesions frequently fail to show in duct, pore, or gland the
dilatation known to be present. It was his opinion that dilatation of the duct
must be both severe and/or prolonged in order for it to appear in routine histo-
logic preparations.
This study confirms Shelley's observations. The greatest dilatation of the duct
was associated with obstruction from tumors and chronic granulomas. Dilata-
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tion of the duct was associated with obstruction from tumors and chronic granu-
lomas. Dilatation occurred in some instances when no histologic evidence of ob-
struction could be demonstrated. On the other hand, obvious obstruction was
observed without any dilatation of duct or gland below the point of obstruction.
As in the pore, it was not possible to predict what portion of the duct would
undergo dilatation. The dilatation was more commonly localized at one area
rather than extending over the entire course of the duct (fig. 6).
When the wall of the duct was compressed, either due to pressure from without
or, in association with dilatation, from internal pressure, the basal cells were
TABLE II
Histologic variations of duct listed in order of frequency observed in 912 biopsies
Variation
Dilatation
cystic
non-cystic
Material in lumen
amorphous
cast
cells
bacteria
Periductal cellular exudate
Cell wall compressed from without
Atrophy
''Papillary'' luminal cells
Periductal fibrosis
Clear cytoplasm in basal cells
Penetrating tumor
Absent hvalin membrane
Marked increase hvalin membrane
Penetrating inflammatory exudate
Penetrating edema
Mitotic figure
Anomalies
always affected first, with a flattening and a compression of the nucleus and
cytoplasm, the luminal cells retaining their shape. As the dilatation increased and
the compression of the basal cells reached a maximum, the luminal cells then
became compressed. Both cell layers were completely flattened in extreme dila-
tation. In the same sweat unit the gland was much more resistant to dilatation
than the duct. The deeper and coiled portion of the duct was more resistant to
dilatation than the straight portion of the duct in the mid-dermis.
The incidence of material in the lumen was far greater in the duct than in the
gland or pore. The presence of such material was usually associated with ductal
dilatation (fig. 6). In a few instances dilatation was not present. The type of
intraluminal material was classified as amorphous, "cast," cellular, and bacterial.
Amorphous material was more often associated with extreme dilatation and was
found in biopsies of tumors or granulomas. The "casts" were usually dense and
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hyalinized and were most commonly observed in inflammatory diseases of the
skin. A few granular casts were observed and were associated with the least
amount of ductal dilatation. Inflammatory cells were seen within the lumen of
ducts in the mid-dermis in only two instances. The leukocytes were observed
migrating through the duct wall (fig. 7). Bacteria were observed within the lumen
FIG. 6. Abrupt localized dilatation of a duct in the mid-dermis in an area of dense
chronic inflammatory exudate associated with a basal cell epithelioma. The lumen contains
a east. (X 250)
of the duct in the mid-dermis in a biopsy of normal skin and unassociated with
any inflammatory change (fig. 8).
The duct was surprisingly resistant to periductal disease. It was far more re-
sistant to its surroundings than the gland. The normal, intact duct was seen
penetrating tumors (benign and malignant), chronic granulomas, subacute in-
flammatory exudate, and edema of the cutis. The more acute the inflammatory
process present in the dermis, the more change occurred in the duct. Compression
of the duct wall from without occurred mostly in areas of space-consuming
tumors.
4s_', j•
74
FIG. 7. Leukocyte migrating through the wall of the duet. Leukoeytes in the lumen.
< 750)
FIG. 8. Bacteria in the lumen of a slightly dilated duct. Found in normal skin without
inflammatory change. (X 1000)
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Atrophy of the duct was seen less commonly than atrophy of the gland. It oc-
curred either in association with severe compression (i.e., dermatofibroma) or in
degenerative dcrmatoses (i.e., radiodermatitis, scleroderma, etc.).
Occasionally "papillary proj ections of luminal cells" were observed. These
were produced by cytoplasmic excrescences of the lining luminal cells with separa-
tion from their adjacent cells to a greater or lesser degree. In a mild form, a
"beaded" or "cobblestone" surface lined the lumen of the duct. In the extreme
example, papillary projections were formed. The significance of this change is
not understood.
FIG. 9. Clear, pale cytoplasm in basal cells. Normal luminal cells. (X 1000)
Periductal fibrosis was occasionally very marked and occurred in areas of
dense chronic inflammatory change and in radiodermatitis.
Occasionally the cytoplasm of the basal cells of the duct was clear and pale.
At the same time the luminal cells remained unchanged (fig. 9). Again the sig-
nificance of this was not understood.
Several oddities were observed—two ducts joining to form one duct in the mid-
cutis in a biopsy of xanthoma tuberosum; two ducts fusing their walls, but each
maintaining its own lumen.
No duct was seen entering or sharing a hair or sebaceous gland communication
to the skin surface.
Unlike the gland, no lipochrome pigment was seen in the cells of the ducts.
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There was no correlation among the age of the skin, the region of the skin, and
the structural variations of the duct.
GLAND
The gland refers to the secreting portion of the sweat unit and lies within the
coil of the unit deep in the dermis (a portion of the duct is also present in the
coil). The lumen of the gland is about 20 microns in diameter. "The secretory
cells are large, cylindrical cells which stain slightly basophilic. The myoepithe-
hal cells are small, spindle-shaped cells inserted sporadically between the secre-
TABLE III
Incidence of histoioiic variations of gland listed in order of frequency observed in 912 biopsies
Variation
Dilatation
without atrophy of cells
with atiophy of cells
Periglandular exudate
Lipochrome pigment
Atrophy
Hydropic change
Clear, reticulated cytoplasm
Thickened basement membrane
Material in lumen
amorphous
cast
Compressed cells associated with dilatation
Ccmpressed cells from without (tumor)
Destruction
Scalloped lumen lining
Per iglandular fibrosis
Periglandular edema
Mitotic figure
tory cells at their bases. . . Peripheral to the myoepithelial cells lies a thin
hyalin membrane (17)."
Table III shows, in order of frequency, the incidence of the histologic varia-
tions of the gland.
One mitotic figure was observed in the gland in the entire series of 4,327 sec
tions (fig. 10). It was seen in a normal gland.
Lipochrome pigment, the "pigment of aging," that can be observed elsewhere
in the body was found in the secretory cells of the sweat gland. This pigment was
not observed in the cells of the duct or pore. It was observed in glands considered
normal and those considered abnormal. This finding was the only one that could
be correlated with the age of the patient. Lipochrome pigment was most common
in the older age group (60—86 years). It occurred five times in the fifth decade
age group. It was seen in a biopsy of impetigo from a 48-year-old patient, in
it 
H
, I .w
. 
.
4 
158 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
necrobiosis lipoidica diabeticorum in a 34-year-old patient, and in dermatitis
herpetiformis in a 22-year-old patient.
Clear reticulated cytoplasm was also considered as a normal variation in struc-
ture (figs. 11 and 12). It occurred in all age groups and in normal as well as ab-
normal skin. Histologically (hematoxylin and phioxine stains) it resembled
glycogen. However, no attempt was made to identify it in this particular study.
When it was found in one gland, it was present in all glands in any given biopsy.
When several skin biopsies taken from different areas of the body were removed
Fin. 10. A normal gland. The only mitotic figure observed in the whole series. (Note
the normal glandular cells, myoepithelial cells and the size of the normal basement
membrane.) (X 1000)
from the same patient at the same time, all the glands in all the biopsies contained
the same change. In one instance, repeated biopsies taken several weeks apart
(lichen sclerosis et atrophicus) from the same individual revealed this "clear
reticulated cytoplasm" in all the glands of all these biopsies.
The "gland," unlike the duct and the pore, was easily affected by periglandular
inflammatory disease. The more acute the type of periglandular exudate present,
the more severe was the damage that occurred to the gland. This damage ranged
from total destruction with absence of the gland to the milder hydropic change
and atrophy of the secreting cells.
Dilatation of the lumen was found less frequently in the gland than in the duct;
r"I
a
Fin. 11. Clear, reticulated cytoplasm seen in all the glands (not in ducts) in this section
of normal skin. (X 260)
Fin. 12. Clear, reticulated cytoplasm. (X 1000)
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in the same sweat unit the gland was less apt to undergo dilatation than the duct.
Several patterns of dilatation of the gland were observed: (1) absolute dilatation
with apparent compression of the lining cells, (2) absolute dilatation with al-
ternating piling up and atrophy of the lining cells (fig. 13), and (3) apparent
dilatation resulting from marked atrophy of the cells about the lumen (fig. 14).
Atrophy refers to decrease in size of the secreting cells of the gland. This change
varied in degree and did not include compression of the cells. Instances of de-
crease in size as a result of compression were not included with "atrophy."
FIG. 13. Absolute dilatation of gland with alternating piling up and atrophy of the
lining cells (X 900) in a biopsy of dermatitis herpetiformis.
Atrophy was found equally in inflammatory and non-inflammatory dermatoses.
These was no correlation of its appearance with age of the patient.
Hydropic change (figs. 15 and 16) occurred in the secreting cells of the gland.
It was considered abnormal and should not be confused with "clear reticulated
cytoplasm." Hydropic change did not necessarily involve all the cells of the same
gland or adjacent glands. It was most commonly seen in inflammatory dermatoses
and was most severe in the more acute types of inflammatory disease. It was more
frequent below the fifth decade than above the fifth decade of life.
Material was present in the lumen of the gland much less frequently than in
the duct (fig. 17). When such material was present in the gland, it was not neces-
sarily present in the duct of the same unit, or vice versa. Dilatation of the gland
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FIG. 14. Atrophy and degeneration of tile cells of the gland with "apparent" dilatation.
There is marked periglandular fibrosis and obliterative changes in the small arteries. Note
the normal sweat duct. Biopsy of radiation dermatitis. (X 250)
FIG. 15. Hydropic change (X 260), localized to a few glands.
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Fm. 16. Hydropic ebsnge 0< 1000) showing cells with large, clear vacuole. displacing
and distorting nuclei.
Fm. 17. Granular cast In otherwise norms] Wand. 0<1000)
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FIG. 18. "Serrated" basement membrane with crowding of the cells and narrowing of
the lumen in a normal gland. (X 1000)
FIG. 19. Homogenous thickening of the basement membrane. (X 1000)
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was not usually associated with the presence of such material, and the undilated
gland occasionally contained material in the lumen. As in the other portions of
the sweat unit, the material was classified as "amorphous" and "cast." The
"amorphous" type was the commoner of the two. Such material occurred equally
in inflammatory and non-inflammatory dermatoses. The age of the patient was
not significant.
The basement membrane showed several interesting changes, all dealing with
an increase in its width—(1) A "serrated" membrane (fig. 18) was one in which
the dentate projections between the cells of the gland were more prominent than
usual. The membrane was slightly thicker and was associated with crowding
and vertical flattening of the secreting cells and a narrowing of the lumen. Such
a change was interpreted as normal and as representing a gland in a contracted
TABLE IV
Incidence of histologic variations listed in order offrequency observed in 35 normal skin biopsies
STRUCTURE VARIATION
Pore None
Duct Dilatation
Material in lumen (amorphous)
Double lumen
Gland Dilatation
Lipochrome pigment
Serrated basement membrane
Clear reticulated cytoplasm
Material in lumen
Amorphous
Cast
state. (2) Abnormal thickening of the basement membrane was encountered and
was either homogeneous or fibrillary. The former change was seen with a normal
gland in necrobiosis lipoidica diabeticorum and scleroderma (fig. 19). The latter
type was encountered in association with inflammatory dermatoses.
This thickening of the basement membrane was distinct from perigiandular
fibrosis, which occurred in instances of chronic inflammatory dermatoses and in
radiodermatitis.
The gland, like the duct, could survive in an area of edema. Destruction was
associated usually with acute inflammatory or severe degenerative disease. The
cells of the gland were not easily compressed (cf. duct) from intraglandular or
intergiandular pressure, but it did occur without true atrophy of the cells.
It was impossible to explain the presence of "scalloped lumen lining" (fig. 13)
which resulted from an apparent alternating piling up and atrophy of the luminal
lining cells. The change was probably related, in part, to the plane of cutting,
but was not seen in normal glands. The change was not observed in the duct or
the pore. Although it was sometimes associated with absolute dilatation, it also
occurred in the undilated gland.
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Table IV lists the histologic variations in 35 normal skin biopsies. The gland
and duct both presented dilatation and material in the lumen. None of the varia-
tions described above of the structure of the pore were seen in the normal series of
skin biopsies.
SUMMARY
Results are presented of a study made on routine histologic preparations of
912 consecutive skin biopsies comprising 4,327 sections.
The study was made to record the histologic variations seen in the eccrine
sweat gland, to serve as a baseline for future studies.
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DISCUSSION
DR. HERBERT MESCON, Philadelphia: Three questions.
Whether the vacuolated appearance of the glands might in any way be re-
lated to the time between the taking of the biopsy and the placing in fixation,
or between the size of the biopsy and the placing in fixation?
Second question—Whether the changes that were noted in pathologic tissue
were noted in all the excretory units in a given clump, or just one of the units,
and whether similar clumps were similarly affected?
Question three—Which of these changes have been noted by Drs. Holyoke and
Lobitz in normal skin? In examining the hematoxylin and eosin stained sections
taken by Dr. Shelley before placing patient in the hot box, taking the speci-
mens with a rotary punch first described by Dr. Urbach without anesthesia, it
was our finding that (1) straightening of the excretory tubules, (2) casts in
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either the tubules or the ducts, (3) the occasional presence of a cuticle and (4)
ofttimes slight dilatation of the duct could be found in the sections. We were
unable to find any difference between the specimens obtained before sweating
and after sweating. I wonder whether these same findings could be found in.
normal skin by Dr. Lobitz or Dr. Holyoke.
DR. PECK: I am wondering if among those many sections which Dr. Holyoke
studied, he noticed this observation we made: that when there was plugging of
the sweat duct with a hyperkeratotic process, there was usually a dilation of the
intraepidermal portion of the duct and sometimes of the duct below. It was very
characteristic that with a normal functioning duct, there was no inflammatory
reaction in the epidermis following exposure to a sweat box. Once the duct was
plugged and enough sweating was induced to cause seepage of the sweat into the
surrounding epidermis, inflammation took place.
DR. L0BITz: The hydropic change (vacuolated appearance) was observed only
in the secreting cells of the gland. The change did not necessarily involve all the
cells of the same gland or adjacent glands.
All the biopsies were taken with a Keyes type punch and varied from two (2)
millimeters to six (6) millimeters in diameter. The tissue was immediately placed
in the fixative after it was removed from the patient; the elapsed time was only
a matter of seconds.
It has been impossible to present today all the material that will appear in
the published paper. The variations that we observed in the normal group of
thirty-five skin biopsies will be listed in table IV in the publication; in brief,
there were no changes observed in the "pores"; dilatation and amorphous ma-
terial were observed in the duct (but no casts); dilatation, lipochrome pigment,
serrated basement membrane, clear reticulated cytoplasm, and both amorphous
and cast material in the lumen were seen in the gland.
